L ow back pain (LBP) is the third most costly health care condition in the USA after diabetes and heart disease. 1 A frequent pattern of care for patients with LBP includes an initial consultation to a primary care provider (PCP) followed by management using physical therapy. 2, 3 Response to physical therapy varies among patients with LBP. Communication strategies, 4 intervention selection, 5, 6 and the patient-provider relationship 7 may all impact patient outcomes. Continuity of care (CoC) is also an important consideration in improving patients' responses to physical therapy. 8, 9 CoC is recognized as an important part of patient management 10, 11 and refers to the coherence and connectedness of patient management across time. 11 Systematic reviews indicate that across various care settings, lower levels of CoC are associated with worse health care outcomes. 12, 13 Provider continuity is a key element of CoC and refers to the extent that, for a given service, a patient has the same provider across an episode of care. 12 Within any one primary care setting, patients who see the same provider for each visit have more positive assessments of the episode of care compared with patients who see multiple providers for the same episode of care. 14 In patients with chronic conditions 15 and in those older than 65, 16 a lower level of provider continuity of primary care is associated with increased use of the emergency department. In a cohort study of primary care patients, study participants who saw more than 1 family physician during an episode of care experienced greater total health care costs in the following 2 years. Provider continuity was the most important of the contributing variables in explaining total health care costs. 17 Although continuity of the physician appears to be important, the literature is sparse regarding the effect that CoC has on the outcomes of patients who receive physical therapy. In the home care setting, provider continuity may be important. Patients who experience a lower degree of provider continuity for home health physical therapy are more likely to be readmitted to hospital within 60 days of starting home health care, and less likely to improve in several activity limitations. 9 In the setting of outpatient physical therapy, patients who receive treatment for musculoskeletal conditions value physical therapy provider continuity. 18 Outpatients who receive physical therapy from the same provider are 3 times more likely to be satisfied with their care compared with patients who receive care from multiple physical therapists. 8 A strong relationship with a single physical therapist may be important for patients with LBP. In patients with chronic LBP, those who perceive a weak therapeutic alliance with their physical therapist demonstrate worse outcomes compared with patients who have a strong therapeutic alliance with a therapist. 19 Less physical therapy provider continuity could impair the formation of a therapeutic alliance and result in prolonged care and costly procedures due to worse outcomes. Furthermore, a patient with LBP who sees multiple physical therapy providers could receive different messages regarding the most appropriate management strategies. Such discontinuity could leave the patient without a coherent management path, and poor outcomes could lead them to seek additional high-cost services. The impact of CoC on health care outcomes in patients who receive physical therapy is not well understood and requires further investigation. Physicians commonly refer patients with LBP to physical therapy, at rates of up to 55%. 20, 21 LBP is a high-volume condition that represents approximately 50% of the caseload in outpatient physical therapy. 22 Improved understanding of the relationship between CoC and health care outcomes could help identify strategies to improve the quality of care for patients who receive physical therapy for LBP. Large multipayer claims databases provide an opportunity to examine the association between CoC and health care use.
This study used Utah's All Payer Claims Database (APCD) to examine the influence of CoC on health care use and cost outcomes in patients referred to physical therapy by a PCP. Our aims were to examine the associations between physical therapy provider continuity and LBP-related health care (advanced imaging, emergency department visits, epidural steroid injections, and lumbar surgical procedure) and total LBPrelated health care costs over a 1-year period following primary care referral to physical therapy. We hypothesized that, after controlling for covariates, episodes of care characterized by a lower degree of provider continuity would be associated with greater LBP-related care and costs compared with episodes of care having a greater degree of provider continuity.
Methods

Design
The study was based on a retrospective cohort from Utah's APCD. An APCD is a tool used by states for collecting data to support health care and payment reform and address a need for transparency. 23 Utah's APCD is a statewide database containing member eligibility and medical, pharmacy, and dental claims as well as provider data. Claims within Utah's APCD contain information about reimbursement amounts, patient demographics, medical procedures, diagnosis codes, and provider information across all care settings.
These data are collected from insurance carriers each of which provides insurance cover for at least 2500 people living in Utah, in accordance with state law and administrative rule. 24 According to the Utah Department of Health, the data suppliers to the APCD represent "roughly 80% of the Utah population." 25 It is estimated, using the 2015 Health Insurance Market Report, 26 that the state collects claims and eligibility data representing over 90% of the commercial health insurance market. Utah's APCD provides a rich source of longitudinal data enabling analysis from the initial encounter through follow-up visits for more than 2.4 million unique individuals beginning in the year 2013. The institutional review board at the University of Utah approved the study.
Participants
Using methods similar to those previously described, 3 We defined a physical therapy episode of care as beginning on the date of the first visit and ending on the visit date after which no additional physical therapy claims for LBP occurred for 60 days. Patients were included if they had between 3 and 20 physical therapy visits. We set the lower limit of visits at 3 because it allowed for the possibility of discontinuity to occur; also, this lower limit has been used to examine CoC in previous physical therapy research. 9 We capped the maximum number of visits at 20 because longer episodes of care could represent an unusually complex case and fall outside a typical episode of care.
Independent Variable
Our primary variable of interest was physical therapy provider continuity. A provider continuity index 9 ranging from 0 (no continuity) to 1 (perfect continuity) was used to measure physical therapy provider continuity. The average continuity score for our cohort was high (mean = 0.93, SD = 0.18) and was similar to previous research. 9 We dichotomized the provider continuity index and defined low provider continuity as scores that were less than one standard deviation below the average provider continuity score (ie, index < 0.75) and high provider continuity to be any score above this level (ie, index ≥ 0.75). This threshold was consistent with earlier research that described high and low physical therapy provider continuity. 9 The provider continuity index accounts for the number of physical therapy providers (physical therapists and physical therapist assistants who submitted claims for patients with LBP) who managed the patient and the number of patient visits per provider for a given episode of care.
Demographic and Comorbidity Variables
Our choice of variables was influenced by Andersen's Behavioral Model of Health Services Use. 27 In Andersen's most recent model, among the many factors that influence health care use are predisposing factors (eg, patient demographics and comorbidities), enabling factors (eg, the patient's insurance status, location of services, and structure of health care delivery), and need factors (eg, the patient's general health status). Utah's APCD does not contain factors such as the level of the patient's pain or their functional status. Patient demographic variables were recorded at the time of the initial visit with the PCP. Age was recorded in years and sex was dichotomized as male and female. For each included patient we recorded all ICD-9 codes that were associated with any charges billed in the period of 180 days before to 1 year after the initial visit with the PCP. We categorized codes representing conditions that are likely to influence health care use or health care costs for patients with LBP. 28 .82), all of which were treated as dichotomous variables, with the reference being the absence of the condition. We used additional comorbidities to calculate the Elixhauser Comorbidity Index score, 29 which was treated as a continuous variable. We recorded pain medication prescriptions (according to their therapeutic class code) that were filled within 2 weeks before or after the initial visit with the PCP, and categorized them as nonsteroidal antiinflammatories (SB2), skeletal muscle relaxants (H6H), opioid medications (H3A, H3E, H3N, H3U), or oral steroid medications (P5A). We recorded the zip code of the patient's home address at the time of the visit with the PCP and categorized the location of the patient's geographic residence as rural, urban, or suburban. 30 The insurance payer was categorized as: (1) commercial-unknown; (2) preferred provider organization, which often provides more flexibility in the choice of providers; (3) point of service plan, which is often viewed as a hybrid of a health maintenance organization and a point of service; (4) Medicaid; or (5) other (eg, military health insurance, public employee insurance plans, and those not otherwise classified). Finally, insurance plan deductible was categorized as a high-versus low-deductible plan. High-deductible health insurance plans have higher deductibles than traditional insurance plans. In high-deductible plans, patients typically pay more out of pocket for medical expenses but pay less in monthly insurance premiums. 31 
Outcome Variables
We recorded the use of specific LBPrelated health care services during the 1-year period following the initial visit with the PCP, based on specific procedure codes, including advanced imaging (magnetic resonance imaging or computed tomography scan) (eAppendix 2, available at https://academic.oup.com/ptj), emergency department visits for LBP (eAppendix 3, available at https://academic.oup.com/ptj), surgical treatment of the lumbar spine for LBP (eAppendix 4, available at https:// academic.oup.com/ptj), and epidural injections of the lumbar spine (eAppendix 5, available at https://academic.oup. com/ptj). 3, 28 Each of these health care use outcomes was recorded as a separate binary variable indicating whether there was no use (0) or any use (1) . We recorded allowed payments from the APCD for all procedures, visits, medication prescriptions, and equipment associated with an LBP-related ICD-9 code. We computed the total LBP-related care costs for the 1-year period after the initial visit with the PCP based on reimbursed amounts in the APCD. Because costs were extracted from 2013 and 2014, which have different values due to inflation, all 2013 costs were adjusted to 2014 dollars with personal health care expenditure price indices from the National Health Expenditure Accounts. 32 
Data Analysis
Descriptive analyses, including means with standard deviations, and frequency counts, were used to describe the patient sample. While controlling for patient demographic and comorbid variables, multivariable logistic regression was use to evaluate the association between physical therapy provider continuity and each LBP-related binary health care use outcome in the year following the initial visit with the PCP. Logistic regression is appropriate for use when the outcome is binary. 33 Regression results were expressed in adjusted odds ratios with 95% confidence intervals after adjusting for patient demographic and comorbid variables. The association between LBP-related health care costs and provider continuity was examined separately using a generalized linear model (GLM) with a gamma distribution and a log-link function 34 while adjusting for patient demographic and comorbid variables. GLMs have the advantage of accommodating positively skewed cost data distributions. They avoid data transformations that are required when using ordinary least-squares regression and allow for direct inferences about the mean costs. 35 A 2-tailed significance level of .05 was set for all analyses. We tested the major assumptions for both the logistic regression and the GLMs.
Multicolinearity was assessed using pairwise correlations of the predictor variables for each model. Independence of errors was tested by examining the effect of clustering of patients within therapists and clinics, which generates robust standard errors of the predictor variables. For each model, we compared the P values of the predictor variables with and without standard errors. To test for outliers, we examined residual plots and diagnostic statistics. For the logistic regression models, linearity was assessed by examining for a linear relationship between the continuous independent variables and the log-transformed outcome, by testing for interactions between each independent variable and its natural logarithm. Finally, we assessed for the correct specification of the log-link function in our GLM by regressing the cost outcome on the predicted values and their squares. All analyses were conducted using Stata statistical software version 14 (StataCorp LLC, College Station, Texas). CoHSTAR and CMS had no role in the design or conduct of the study; in the collection, management, analysis, and interpretation of the data; in the preparation, review, or approval of the data; or in the preparation, review, or approval of the manuscript or decision to submit the manuscript for publication.
Role of the Funding Source
Results
For the logistic regression models and the GLM there were no highly correlated predictors, indicating no multicolinearity. Little difference existed between the P values of the predictors for each model when comparing models with and without robust standard errors, which indicated no clustering effects. Residual plots and diagnostic statistics indicated no outliers. For the logistic regression models, there were no statistically significant interactions between any continuous variable and its natural logarithm, indicating no violation of this assumption. For the GLM, the squares of the predicted values (P = .41) indicated that the link function was appropriately applied.
A total of 6929 patients with a new consultation to a PCP with subsequent management in physical therapy for LBP were identified, of which 1954 met our inclusion criteria and were included in the analysis (Figure) . The majority of exclusions were due to the patients' age. The majority of patients experienced a high level of provider continuity (n = 1748, or 89.5%). The mean age of the included patients was 45.0 years (SD = 12.7), and 1435 (73.4%) were female. Table 1 contains additional baseline demographic information based on the level of provider continuity.
Variables Associated with Subsequent Health Care Use
During the 1-year period following the initial visit with the PCP, the health care outcome that was most used was advanced imaging (54.6%) and the health care outcome least used was an emergency department visit (4.2%). Table 2 contains the percentages of patients who received each health care outcome, stratified by physical therapy provider continuity. After controlling for age, sex, comorbid neck pain, previous surgical procedures involving the lumbar spine, smoking status, the Elixhauser Comorbidity Index score, prescription pain medications, area of residence, type of insurance, and high-deductible health plan, a high level of physical therapy provider continuity was associated with a decreased likelihood of undergoing a lumbar surgical procedure during the 1-year period following the initial visit with the PCP (P = .01) (Tab. 3).
Several covariates were associated with the use of the different health care outcomes. Variables that were associated with 3 or more of the health care outcomes were: a history of lumbar surgery, comorbid neck pain, the Elixhauser Comorbidity Index score, and prescription pain medication using opioids or oral steroids (Tab. 3). Variables that were associated with 1 or 2 health care outcomes were age, sex, and taking nonsteroidal antiinflammatory or skeletal muscle relaxant medications; these are reported in Table 3 . Geographic area of residence and insurance type were not associated with any health care use outcomes.
Relationship Between Physical Therapy Provider Continuity and Health Care Costs
The mean total LBP-related health care cost for all patients during the 1-year period following the initial visit with the Table 4 contains the variables associated with total LBP-related health care costs over the 1-year period following the initial visit with the PCP. A greater level of physical therapy provider continuity (P < .001), the absence of comorbid neck pain (P = .01), Medicaid as a health insurance payer (P < .001), and an insurance payer other than a commercial plan, Medicaid, preferred provider organization, or point of service plan (P = .03) were associated with lower total LBP-related health care costs.
Discussion
This study used Utah's APCD to examine the association between physical therapy provider continuity and subsequent health care use and LBP-related health care costs in patients with LBP. We found that, after controlling for covariates, a greater level of physical therapy provider continuity was associated with a reduced likelihood of a surgical intervention for LBP and reduced 1-year LBP-related health care costs.
Nearly 90% of patients in our study experienced a high level of physical therapy provider continuity. This finding is consistent with the results of Russell et al, 9 who found that nearly 85% of home care patients received a high level of physical therapy provider continuity. This is also consistent with levels of provider continuity in the primary care setting. 16, 36 In the outpatient physical therapy setting when provider continuity has been measured and dichotomized into 1 versus more than physical therapy provider, 47% of patients received care from more than 1 provider. 8 Although a different metric was used to measure provider continuity, the low percentage of patients receiving a high level of continuity appears to contradict the results of the current study. Although the level of physical therapy provider continuity in other states and geographic regions is unknown, it is possible that the high level of provider continuity in our study reflects local geographic patterns of physical therapy practice.
Surgical intervention for LBP was the only health care use outcome that was significantly associated with physical therapy provider continuity. Our results do not allow us to determine why patients who experienced a higher level of provider continuity were less likely to have a lumbar surgical procedure. However, several potential explanations are worth noting. When a patient receives care from relatively few physical therapy providers during an episode of care for LBP, their management might be more coherent and involve fewer different management strategies than when receiving care from a greater number of physical therapy providers. Disparate management strategies across a variety of providers might inhibit or prolong the recovery in a patient with a worsening condition and contribute to the patient eventually receiving lumbar surgical intervention. This scenario is reasonable given that in those receiving home-based physical therapy, patients who experienced a low level of provider continuity were more likely to be readmitted to the hospital. 9 A possible reason why patients switch providers is a weak therapeutic alliance. In patients with musculoskeletal conditions who participate in rehabilitation, a strong therapeutic alliance between patient and physical therapist is associated with better outcomes including physical function. 7 Without a strong therapeutic alliance patients could have sought additional care from other physical therapy providers. Patients might have received mixed messages about how best to manage their condition, which could have led to worsening pain, reduced function, and their opting for a lumbar surgical procedure as a last resort.
Another potential explanation for the association between physical therapy provider continuity and surgical intervention for LBP is that when a patient with LBP is responding favorably to management, there is little need for the managing physical therapist to encourage the patient to consult another therapist to engage in a different management strategy or to receive a second opinion. In contrast, if a physical therapist determines that a lumbar surgical procedure is a potential option, the therapist might encourage the patient to seek care or a second opinion from an additional physical therapy provider in an attempt to help the patient avert lumbar surgery. In this case, discontinuity may be the result of a recalcitrant condition in a surgical candidate rather than a contributor to the patient receiving a lumbar surgical procedure. The retrospective nature of our data does not allow us to determine whether discontinuity is the cause or result of recalcitrant LBP.
We expected that provider continuity would be associated with increased use of advanced imaging, epidural spinal injections, and emergency department visits. This was not the case. Other a During the 1-year period following the initial visit with the primary care provider.
physical therapy-related patterns of care for patients with LBP have been associated with these health care use outcomes. For example, patients with LBP who receive physical therapy relatively quickly following a primary care consultation for LBP are less likely to receive LBP-related advanced imaging, epidural spinal injections, opioid prescriptions, and a lumbar surgical procedure over the 18-to 24-month follow-up compared with those with delayed therapy. 2, 37 The timing of physical therapy for LBP might have a greater impact on these outcomes than does provider continuity.
In our cohort, episodes of physical therapist care with a high level of provider continuity resulted in lower 1-year LBP-related health care costs than episodes of care with a low level of provider continuity. Health care costs of managing patients with spinal conditions are rising. 38 Between the years 1996 and 2013, personal health care spending for spinal problems increased by over 57 billion dollars, with ambulatory spinal care being the greatest contributor to this increase. 1 The patients in our study received ambulatory outpatient physical therapy for their LBP. Limiting the number of physical therapy providers during an episode of care might permit cost savings. Health care systems could find this opportunity appealing, as physical therapy provider continuity is a modifiable clinical practice pattern.
We identified several additional important variables that were associated with health care use (Tab. 3) and costs (Tab. 4). Opioid prescription medication is of special interest given the recent increase in opioid-related deaths. 39 Opioids are commonly prescribed by PCPs for patients with acute and chronic LBP. 40, 41 In the current study, 8.9% of patients filled an opioid prescription within 2 weeks before or after the initial PCP visit. This low percentage contrasts with reports indicating that nearly 50% of patients who accessed physical therapy following a primary care consultation for LBP were prescribed an opioid medication. 2 The low percentage of patients prescribed opioids in our study could be due to the short period in which we recorded opioid prescriptions. Compared with patients who were not prescribed medications for pain, those who filled an opioid prescription within 2 weeks of the PCP visit were more likely to experience subsequent advanced imaging, epidural spinal injection, and an emergency department visit. Knowledge of the association between opioids and health care use may assist physical therapists and PCPs in educating patients about the potential implications of opioid use.
Additionally, comorbid neck pain was a variable with several significant associations. Comorbid neck pain was associated with reduced use of lumbar surgical procedures, advanced imaging, lumbar spinal injections, and total LBP-related health care costs. This finding contrasts with an earlier report indicating that in patients who consulted a PCP for LBP, comorbid neck pain was associated with increased LBP-related health care costs, specialist visits, and use of advanced imaging. 3 Multisite pain has been associated with increased health care use 42 and worse outcomes. 43, 44 Our cohort comprised only patients who received physical therapy for LBP. It is possible that greater efforts were made to manage the patients with multisite pain and that these efforts contributed to the decrease in health care use.
The results of this study should be considered in the light of important limitations. Our cohort of patients was assembled with data from the year 2013 and the patients were followed into the year 2014. Claims data from only this 2-year period were available for analysis. Although we are unaware of any health care policy changes or other factors that might have influenced physical therapy provider continuity after 2014, it is possible that the inclusion of more recent additional data could result in different findings. Causality between any predictor and outcome variables cannot be determined due to the observational nature of the study. The favorable prognosis of LBP rather than physical therapy provider continuity could explain the lack of association between provider continuity and some of the health care use outcome variables. We included a number of variables in our regression models in an attempt to control for factors that could influence physical therapy provider continuity. It is possible that the inclusion of variables unavailable to us could have influenced our results. For example, because we had no way to determine the level of the patients' pain or function, we could not control for these variables in our analysis. Additionally, physical therapy practice factors, such as the number of physical therapists employed in the clinic, daily staffing levels, and hours of operation, might influence whether patients switched providers and were managed with a low level of continuity, but this information was not available. The inclusion in our analyses of provider-level characteristics, such as years of experience and specialty certification, could have affected our results but these characteristics were also unavailable. We attempted to limit the inclusion of individuals with comorbid conditions that could cause a patient to switch providers, such as history of stroke or quadriplegia, but we cannot guarantee that such patients were not included. Finally, although we used a continuity of care index used in previous physical therapy research, it is possible that it is not the most appropriate measure of physical therapy provider continuity.
In conclusion, a high level of physical therapy provider continuity appears to be associated with a decreased likelihood of lumbar surgical intervention and lower LBP-related health care costs. Although a causal relationship between physical therapy provider continuity and lumbar surgery cannot be established, it seems reasonable that physical therapists should consider approaches to managing patients with LBP that limit provider discontinuity. Furthermore, LBP-related health care spending could be impacted by limiting provider discontinuity. Future studies should focus on prospective evaluation of the impact that provider continuity has on health care outcomes. 
